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ETFECT OF PR~IVE RING EKUURE ON PISIW IWTRUCTIOH

By MU J. Tauachek and laster C. Corrin@on

Ob~ect. - To deteti the effeot of progressive ring
on piston llfe.

... .

f allure

SssE” - Two enduranoe runs were mxiducted on an Allison aingle-
cylinder engine at M* powe~ output until destruction of the pistons
oocurrd at 33.1 end at 84.25 hours. Periodic Inspecticms & the
piston and ring aseembliea were made during

Conelusims. - Frau the teata reported
ooncluelons oan be drawn:

1. Ccmplete failure d the ccmpresshn

the teite.

herein, the folloulng

rings may require a rela-
tively long period of operation after initial failure of ‘thetop ring
by 8ticki~ or breaking.

2. Ccmplete failure of the ccmpreasion rtige does not necesmr-
ily bring about destruction of the plstm unless operation of the
e&ine i= continued for a considerable length of t-tie.

3. The power 10SS acwxqpanylng high blow-by rates
entirely amounted for on the basis of gas leakage.

nmRoDucTIori

cannot be

During a general progrem relative to increasing the power aP
almmft engines, several plstcm failures oocurred in uhioh mnplete
deetruothn of the pistm took plaoe. At that time these failures
were attributed to v&&cm oauses, suoh as prelgultlon, inadequate
pfstau cooling, laok of sufficient piston olearanoe, end ccmpression-
ri.ngfallure. Subsequent w-k Indioated that preignition and laok of
mfflolent piston clearanoe amounted for praotloally all & the
failures, The possibility that ocmpression-ring failure could oause
piston destruotian, however, was still present. The tests reported



herein wme ocmduoted during October and Demmber 1943 by the WA
at Cleveland, Ohio, in mder to determine the effeot of progressive
ring failure cm the life of the piston.

AmmATuS

The tests were carried out m an Allisan single dylinder mounted
on a CUE crankcase. The apparatus was conventional.in most respects.
Standard Alllson pistons were used, equipped with standard rectsn@ar-
oross-secticm ccunpressionrings. The top r= was straight-faced,
with a bevel alcmg its upper edges and the second and third rings were
taper-faced.

The piston used in the first test had previously been used to
obtain preignition dxha in connection with another pro~ect. These
tests ccmprised about 15 hours running time. The severe operating
conditions encountered in the preignition tests resulted in breaking
of the top ring end stlcldng of the seoond ring. Figure 1 shows the
pieton prior to installation in the cylinder at the beginning of the
endurance teat. A clean used piston equipped with new piston rings
was used for the second test.

An oil spray frcm a calibrated set, installed in the crankcaee
and directed upward against the bottcm of the piston, cooled and
lubricated the piston during both tests. The flow throu@ this Jet
was controlled by throttling the oil-supply line. A baffle imtalled
betuean the crank chamber end the cylinder barrel prevented the thruw-
off oil of the crankpin bearing fran reaching the piston.

Craukcase pressures were measured with a mercury mancmeter and
rate of blow-by was indicated by a displacement-type gas meter.

TESTS AND RESULTS

First Endurance Test

Enduzmnce teet. - The inlet-air preeaure at the beginning of
the first endurance test was 3~ inches of mercury absolute. This
preseure was Increased in increments d 5 inches every 15 minutes
over a period of 1.5 hours until a value of 60 inches was reached.
It was held ocmstant at this value until about 2 minutes before the
end of the test. After the first 1.5 hqurs, readings of the blow-by “
rate and the cranlccasepressure were taken at l-minute intervals.

The followlng operating conditions were held constant through-
out the test:

.
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Englnespeed, ram...... . . . . . . . . . . . . . . . . 2600
Inlet-air temperature, %... . . . . . . . . . . . . ...100
R’uel-airratio . . . ... . . . . .... ... . .. . .. ... . . . 0.095
Caupressla ratio.... . . . . . . . . . . . . . . . ...6.65
l’uel .... . . . . . . AH-F-28, Amendment-2, + 3 ml TEL per gallon
Oil-in temperature; %.... . . . . . . . . . . . . ...165
Outlet-coolant temperature, OF . . . . . . . . . . . . . . . 250
Spark advance, degrees B.T.C”.: . . . .

~et . . . . . . . . . . . . . ..; . ., . . . . . . ...28
Mlaust . . . . . . . . . . . . . . . . . . . . . . . . ...34

011 flow to ptstcm, pounds per minute (appr~imate) . . . . . 2.0
oil . . . . . . . . . . . . . . . . . . . . . . . . ..llavyl120

At the end of 7.5 hours the piston was removed for _ction.
By this time complete failure of the compression rings had taken
place but the oil rings were still in reascmably good ccmdition
(fig. 2). The piston and ring assembly was reinstalled and the test
Centinued. After an additional 10.6 hours, the inlet-air pressure
was increased to detezmlne the power level at which imediate and
complete piston failure would take place. This failure occurred at
an inlet-air pressure of 68 inches of mercury absolute with the
results shown in figure 3.. The total teet time was 33.1 hours
including the preignition tests conducted”previous to the endurance
run.

Blow-by and crankcase pressure. - The curves of the rate of
blow-by and the crankcase pressure are ehwn in figures 4 and 5.
Because the crankcase pres&”e Ie directly rol~tcd-to tho blow-
by rate, these curves are Bimilar. It must be borne in mind, in the
interpretation of the results aP the crankcase-pressure curve, that
the magnitudes af the crankcase-pressure values are entirely dependent
upon the system used for the removal of the blow-by gases frcm the
crankcase; a eystan having many restrictions, such as small piping, a
floumeter, and numerous valves, will result in hi@ pressures, whereas
a system having fewer obstructions to the gas fluu till result in low
pressures. The aotual pressure in the crankcase was same@mt hi~er
than the values measured because the manometer was connected to th6
bluv-by line sme distance frau the crankcase.

Figures 4 and 5 indicate that, after failure of the top end
second rings had taken place (beginning of endurance test), an
increasing de~ee of failure & the canpressicm rings did not affect
the sealing qualities of the piston end ring assembly to any marked
extent. The rate of bluw-by and the crankcase pressure at the begin-

tely the smne as those values at then- & the test were appmxima



time at the Inspection when all the capressicm rings had failed
(fig. 2), whioh rwggms that the 0~1-o~trol r- ~ a c~l*r-
“ableeffect In sealing the combustion ohamber. -.

A marked rise in the rate of blow-by Is “evidentafter 11.5 ~uurs
of operation. Immediately after these “valueareaohed a maximum, the
engine was shut down. When the test was continued on the next day,
the blow-by rate was found to have dropped to a relatively low value.
Upon examination c& the piston at the end of the test, small psrtl-
cles of aluminum alloy were fuund lodged in the oil-ring grocme.
These aluminum-alloy particles suggested that the marked rise in the
rate of blow-by may have been caused by stiilar particles which
served to partly stick the oil-control rings and which were later
dlsplaoed upon idling the engine to a stop or during the subsequent
sk~l~ and warming-up operations on the followimg ~. The faot
that these de osits were found in the oil-ring groove and displaoed

8“ as muoh”as 90 f- the point of final failure Indlcatea that con-
siderable time was required for their fodmatlon and that.they wme
not a result & melted aluminum alloy fhdlng its way Into the groove
at the tiresof fhal falluxe. The irregularities In the rate of
blow-by thrgu@out the rest of the test further substantiate the
Oooaskxnal partial sticking of ‘&e oil-control rings.

,.

Instrumentation used with the test engine showed that preigni-
tion oocurred at 16.7 hours on the enduranoe test and that It may
have occurred again a few secmds before the fInal pistou failure.
The prei~ticm at the 16.7-hour point of the endurance run coln-
cides with a large and eudden increase in rate of blow-by. The most
pronounced effect of preigultion is to increase greatly the msxiqnm
ccmbustion-chamber pressures and temperatures, which would”‘c&s ider-
ably increase the rate of blow-by. A smaller effect is ths more
rapid deterloraticm of the piston rings caused by theee hQh pree- “
sures and temperatures.

The sudden rise in mte & blow-by at 15.5 hue ~ also have
been oaukd by prei@ition although nane was detected by the time-
pressure dle@ram on the oscilloscope. The loss in power output‘“
recorded at this point is”stiewhat hi@er than would be eqetited fra
blow-by alme, (fig. 6), su@estlng that preignition ~ have advanoed
only a fqw degrees, beccme stable, and shortly afterward Msappeared.
This type of prel~tion has beGn known to oocti many times in other
tests and would probably be unnoticed on the time-pressure diagram.

During the last 1.5 hours of the test the bl~-by curve shuws
an irre@lar gradual rise until the final fallure took plaoe.
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Analyale of failed plsta. - Figure 3 shows the piston and
assembly after the final failure of the first test. A tide
channel has been burned down”the ent- length of the plstcm

and a hole has been made throu@ the platen aklrt above the oil
rings. This damage was c~ined to the minor thrust face d the
pistan; the maJor thrust face rsmalned cmparat lvely unharmed.

The ultl.matefailure was most likely cau6ed by the action &
high-temperature ~es agalnet the aide of the piston, probably
taking place bv6r a relatively long period of time. Figure 7 uhuws
the ring belt of a pietan that had been operated under severe ccm-
ditIons In another test program. ~e large flow of high-temperature
gases resultlng frcm compression-ringfailure has begun an erosion
of one af the ring lands, which probably wbuld have resulted in a
lerge channel simlla,r to figure 3 M operatlcm had been cantinued
long enough. These high-temperature gases m?e not necessmily all
blow-by gases. A portion of these gases leake by all the rings as
blow-by @sea, whereas part & them travel down and back up past
the ineffective rings as the pressure in the ccaubustlcmchamber is
alternately increased and decreased. The net result is a scouring
action, which In all probability causes the erosion shown In fig-
ures 3 end ‘7.

Further evidence that this channeling took place over a pro-
longed period aE time Is found h the fact that the entire top ring
and parts of the second ring are missing fra the piston In fl~e 3.
The channel in the face of the piston provldee the only escape path
for these ring pieces. Because tha broken ri~s were partly stuck
In the grooves, the time required for them to work their way along
the grooves to the channel would probably be quite apprecIable. The
pieces of rings imbedded In the top of the plstm at the end & the
test (shown by arrows In fig. 3) were covered with a coating of car-
bon, indicating their presence on the top aP the piston fti a consid-
erable length of the. The preignition in the angine previously
mentioned ~ have been caused by these ring pieces ti the combustla
chember or by the ends of the cunpressian rings left exposed by the
formation of the channel down the side c@ the piston. The fact that
particles of almlmm alloy were found lodged In the oll-ring groove,
displaced as much as 90° fra the channel in the face of the piston,
lends further support to the supposition that the channeling of the
piston took place over an extended period of t-.

The final destructicm d the ptston occurred without any fore-
wexdng other than the high blow-by rates end did not extend beyond
a few engine cycles. The piston skirt had been weakened by the
channeling and by the Increased temperature and the full pressure
of the combustion chamber was act- on the sides of the channel.
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The Bt=eeea In the aluminum beceme so great anU the temperature so
high that the skirt collapeed and pemltted the free flow of burning
gasee into the crankcase.

Second Eudurance Teat

Endurance test. - The second endurance test was be@n, after a
normal run-In of the rings, @ an inlet-air pressure of 50 Inches
aP mercury absolute with the oil flow to the cylinder reduced, below
that for the fIret teet, to 0.5 pound per minute. Operating con-
ditions held constant during the test were 8s follows:

Englnespeed, ram...... . . . . . . . . . . . . . . . . 2600
Inlet-air tamperatureJ %.. . . . . . . . . . . . . . . . .200
Fuel-air ratio . . . . . . . . . . . . . . . . . . . ...0.085
Compressla ratio, . . . . . . . . . . . . . . . . . . . ..6.65
Fuel . . . . . . . . . . . . . . . AN-F-28, Amendmsnt-2
O1l-lntsmperature) %... . . . . . . . . . . . . . . . .185
Outlet-coolant temperature, % . . . . . . . . . . . . . . . 250
Spark advance, degrees B.T.C.:

Inlet . . . . . . . . . . . . . . . . . . . . . . . . . ...28
SMlaust . . . . . . . . . . . . . . . . . . . . . . . . ...34

Oil flowtoplston, pound per minute . . . . . . . . . . . . 0.5
oil . . . . . . . . . . . . . . . ● . . . . . . . . . . Navy 1120

Complete data were taken at 1/2-hour intervals throughout the test.

After 12.5 hours of operation the rings were examined. (See
fig. 8.) The top ring was stuck and broken a short distance frcm
the gap; the second ring was stuck for a part of ite length. All
the rings were considerably worn and had an etched appearance.
After 42.0 addltlmal hours d runnln.gthe cyllnder was again
removed and a visual inspection showed all the mupression rings to
be broken. Upon reassembly the inlet-air pressure was raised to
56 inchee of mercury absolute and the test was oontinued until oom-
plete piston failure recurred at a total running time of 84.25 hours
(fig. 9).

Blow-by and crankcase pressure. - The curves of rate of blow-by
and crankcase pressure for the second test are shown in figures 10
and 11. These curves show a marked increase in the blow-by rate and
the crankcase pressure after the fIrst 4.5 hours of running, which
indlcqtee the beginning of crxupresslon-ringfailure probably by
sticking & the top ring. unp~blished data takem on this engine
have shown that 0.5 cubio foot per minute is an average value for
the rate af blow-by with a new piston and ring assembly *en operat~



under ccmdltione similar to nomal rated power. An Increase to
about 1.0 oubio foot per minute usually Indloates etIoklng of the

-- - toprq.s --- ..,. - .....-- -. .,, ... ...

Ha the the the top ring beoeme stuck until the first lnspeo-
tian, the rate of blow-by showed a gradual.upward trend, probably
indioatlng the rapid rate of deterloraticm to the oondlticm shown
in figure 8. Betwaen the flret and the second Inepeotlaw the rate
of blow-by was quite irregular but, titer the eeoond hepeotion,
began an upwind ollniboontlnulng almost to the end of the test. A
slmlM upmmd olimb, whioh ~ be associated with the gradual ohan-
nellng & the piston, ooourred during the last 1.5 hours of the fIret
teat. Such channeling would pruvlde a more unrestriote~ path for the
blow-by gases past the broken oaupresslau rings.

Analysis at failed piston. - Figure 9 shows the pistcm at the
end & the secmnd test. The failure was quite slmil= to that al?
the fIrst test. b this oaqe, however, much & the top two oaupres-
slon rings was still In the ring grooves, probab~ oaueed by the
rhge f being more severely stuck then in the first test and there-
fore not so free to rotate In the grooves.

Particle6 at alumlnum alloy were found in the oil-ring groove
displaced a considerable distance frcm the point of failure. Here
again is evidence that the channeling & the piston took place over
an appreciable period & time. It appe=s unllkely that these alu-
minum pexticles could have moved so far along the grouve at the
Instent of fInal failure.

Effeot of Blow-By on Power Output

The values af brake mean effeotlve preeeure at various tlmee
during the two tests (fIgs. 4 and 12, respectively) ere plotted
agalnet mate of blow-by In fIgure 6. The data for the lower ourve
were taken fra the last pert M the seoond teet (Inlet-air pressure
of 56 In. Hg absolute) because the rate of blow-by during the fIrst
part & the test was eo low that a reasonably acourate curve omld
not be obtained.

The two ourves d figure 6 m strai~t lime and are roughly “
parallel. Caloulatlons based on the slopes of these ourves Indioate
that the power loss for a given rate at blow-by Is about three t-s
what would be ~oted lf the wef@t of blow-by gasee were ooneidered
as en equivalent weight loss of fresh charge. An C&sat analysls of
the blow-by &aees showed an oxygen oontent of about 15 percent, and
unpublished data tahn at this I.aboratcmyoonflnu this value for the



blow-by gases at’another en@ne. The blow-by gases therefore prob-
ably consisted ~ about t~-tiifis unburned charge and one-third
burned clumge and the rates of blow-by ah- In figure 6 should
account for s~hat less than one-third of the power 10ss on the
basis of gas leakage alone. The rest of the power loss can be
accounted fQr only by possible increases in piston and r= frlc-
tIom end by pumping losses caused by the high craukcase pressure.

CONCLUSIONS

Frcm endurance tests to determine the “effect of progressive
ring failure on piston life b = Allism siqle-cylmer engine,
the f ollouing cauclusions can be drawn:

1. Cauplete failure of the capression rln.gsmay require a
relatively long perl~ ~ op=atlon after Initial failure of the
top ring by sticking or breaking.

i?. Caplete failure of thb ccmqreeslon rlnge does not nsces-
earily bring about dest~ction of the piston unlese operation of
the engine is cmxtinued for a oonsidenble length of time.

3. The power lose accompanyi~ high blow-by rates cannot be
entirely accounted for on the basis of gas leakage.

Aircrtit Engine Reeearch Laborato~,
Natlac.alAdvisory Caumlttee for Aeronautics,

Cleveland, Ohio.
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(o) Afinor thrust foce.

Figure 1. - Piston and ring ossembly just before the first
enduronce test. Foilure of top ond second rings hos token
ploce.,
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(b) Nojor thrust foce.

Figure 1. - Concluded.
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(o) tfinor thrust foce.
(

Figure 2. - Piston ond ring assembly after 7.5 hours of
first endurance test. All compression rings hove foiled.
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NACA ARR No, E5B07 Fig. 2b
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(b) Major thrust face.

Figure 2. - Concluded.
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Fig. 3a

C. 2857

(a) tfinor thrust face.

Figure 3. - Piston and ring assembly at end of first endur-
once test. Total test time 33.1 hours. Arrows indicate
pieces of piston rings imbedded in piston.
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(b) lojor thrust face.

Figure 3. - Concluded.
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Figure 4. - Effect of running time on rate of blow-by for first endurance teet. Engine epeed, ?600 r~; inlet-air pressure, 60 lnohfe
.

of mercury absolute (except ae noted); inlet-air temperature, 100° F; fuel-air ratio, 0.095; oil flow to Piston, 2*o pounds per 4=
minute.



- Effect of running time on crankoase reoeum for
‘i%%ko of raero.ry abmhte (except ● s noted!; inlet-air

pounds per minute.

firet enduranoe toot. tnglne speed, 2600 rpm; ihlet-sir preseure,
.

temperature, 100o F; fuel-~ir ratio, 0.095; oil flOW to pietonc M cm
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Blo~by, ma ft/mln at standard temperature and pressure
Figure 6. - Effect of rate of blow-by on brake mean effective .pressure.

Engine speed, 2600 rpm; inlet-air temperature, 100° F for first test,
2000 F for second test; fuel-air ratio, 0.095 for first test, 0.085
for segond test; oil flow to piston, 2.0 pounds per minute for first

#

test, 0.5 pound per minute for second test.



Figure 7. - Beginning of piston erosion us caused by high rate of gas flow past pis-
ton rings from another test progrom. .
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(o} Minor thrust face.

Figure 8. - Piston and ring ossembly ofter 12.5 hours of
second enduronce test. Top ring broken ond stuck; second
ring portly stuck.
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(6J ifojor thrust face.

Figure 8. - Concluded.
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(o) tfinor thrust foce.

Figure 9. - Pfston and ring assembly ot end of second endur-
ance test. Totol test time, 84.25 hours.
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(b) Uajor thrust face.

figure 9. - Concluded.



72 74 76 78 80 82 84 g6
Endurance-test time, hr

Figure 10. - Effect of mming time on rate of blow-by for second enduranae tent. Engine speed, 2600 mm; inlet-air w-I-,
50 lnche# of merouw absolute ( exceDt M noted): inlet-air temperature, 2000 ~; fuel-air. ratio, 0.~5; oil flOU to Pl~~D
6.5POUM6per minuti. o



Figure 11.
2ohrance-test time. hr

- Effect of running time on crankcase pressure for second endurance teot. En@ne speed, 2600 rpm; inlet-alr ~eawre,
50 inches of mercury absolute ( except as noted); inlet-air temperature. W3 0 F; fuel-alr ratio, 0.fM5; 011 flow to piston, 0.5
DOUIId per mlnute.

.
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Flgurc 12. - Effact of running time on brake mean
pr~~~ur., 50 lnohcc of mercury aboolutc (except
piston, 0.5poundpa minute.

82 134 86 m
2ndurbnce-test tima, hr .

effective pr8esurc for eecond endurance test. Engine Speed, 2600 rpm; inlet-air
as noted); inl.t-air temperature, 2000 F; fuel-air ratio, 0.0g5; oil flow to N
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